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Background. The effect of thermal stress on the physiological parameters of young overweight and sedentary men who sporadically
use the sauna remains insufficiently investigated. Aim. The aim of the study was to determine the effect of sauna bathing on the
physiological parameters of youngoverweight, physically inactivemen and to test the correlations betweenphysiological parameters
versus anthropometric features and body composition parameters. Materials and Methods. Forty-five overweight and sedentary
men aged 20.76±2.4 y were exposed to four sauna sessions of 10 minutes each (temperature: 90-91∘C; relative humidity: 14-16
%) with four 5-minute cool-down breaks. Body composition was determined before sauna, and body mass and blood pressure
were measured before and after sauna. Physiological parameters were monitored during four 10-minute sauna sessions. Results.
A significant (p<0.0001) increase in all analyzed physiological parameters was observed during four successive 10-minute sauna
sessions. Heart rate, energy expenditure, blood pressure, and body mass loss were most strongly correlated with anthropometric
parameters (body mass, body mass index, and body surface area) and body composition parameters (percent body fat, body fat
mass, and visceral fat level). The 60-minute treatment resulted in a significant reduction in body mass (0.65 kg). Conclusions.
Repeated use of Finnish sauna induces significant changes in the physiological parameters of young sedentary overweight men,
and these changes are intensified during successive treatments. Deleterious cardiovascular adaptations were most prevalent in men
characterized by the highest degree of obesity and the largest body size.
1. Introduction
Sauna has emerged as a popular form of wellness treatment
around the world in recent decades. Despite the above,
many people visit saunas out of curiosity or the desire to
follow the latest trends, and not all of them use saunas
regularly [1]. Finland has a population of 5.2 million, and
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nearly 2 million Finns use saunas regularly, whilst other
Scandinavians also take sauna baths at least once a week for
health improvement [2, 3]. In addition, growing numbers
of people install saunas at home or use different types of
sauna (dry, steam, or infrared) in SPAcenters [4].Historically,
saunas were popularized by Finnish athletes during the
Olympic Games of 1936; consequently, sauna baths have been
introduced to training programs in many sport disciplines
[5].
Athletes and individuals purport using the sauna to
cleanse the body, refresh the mind, and accelerate recovery
and relaxation [6]. Regular sauna use improves adaptabil-
ity to various environmental conditions, increases physical
effort, and contributes to emotional wellbeing [7, 8]. In
studies conducted by Scoon et al. [9] and Ernst et al.
[10], postexercise sauna bathing over a period of three
weeks substantially improved running performance, which
can be attributed to an increase in blood volume. The
Finnish sauna has been found to increase the endurance of
locomotor and cardiorespiratory systems and physiological
efficiency [7, 11]. In scuba divers, a single sauna session
before diving has been shown to significantly decrease
the number of circulating bubbles after a chamber dive,
thereby minimizing the risk of decompression sickness
[12].
Sauna baths are conducive to the treatment of locomo-
tive organ inflammation, nonspecific ailments of the upper
respiratory system [13–15], and sport-induced injuries [16–
19]. Exercise can result in Exercise-Induced Muscle Damage
(EIMD), which produces cramps, muscle strain, impairs
muscle function, and delayed onset of muscle soreness [20].
In respondents who visited a sauna before EIMD, thermal
treatment reduced sensory impairment (PF-ROM and PE-
ROM) and improvedmuscle functions (GS andWES) inwrist
extensor muscles [21]. Thermal treatment and rapid cooling
after sauna were also found to exert a complex and positive
effect on vascular and cardiac functions [4, 22], including
arterial stiffness, BP, and some blood-based biomarkers
[23].
Sauna treatment activates the endocrine system and
promotes the secretion of epinephrine [2, 24–28], ACTH,
cortisol, and prolactin as the body adapts to high temperature
[29]. The endocrine system is stimulated to retain more
water in the body and maintain thermal equilibrium [30].
Perspiration decreases serum sodium serum levels in the
body [31]. Sauna bathing decreases total cholesterol levels
and the concentrations of low-density lipids, and it increases
the content of high-density lipids [32]. All of these responses
might be viewed as beneficial for a person with chronic
disease.
Far-infrared sauna improves the quality of life in people
suffering from type 2 diabetes mellitus, chronic pain, chronic
fatigue syndrome, depression, and congestive heart failure
[33]. Finnish sauna, a thermal treatment that heats the
entire body, has been found to produce positive clinical
effects in rheumatism patients [34]. In rheumatism sufferers,
regular sauna use reportedly alleviates pain associated with
musculoskeletal injuries and improves joint mobility [2, 35].
The application of superficial heat is recommended as a short-
term palliative treatment for rheumatoid arthritis and low
back pain [36].
The uses of sauna treatment to facilitate health outcomes
in persons with moderate risk of cardiovascular disease (i.e.,
sedentary behavior, overweight/obese, hypertension, and
hyperlipidemia) have not been adequately studied. Beever
[33] reviewed the literature using the terms “far-infrared”
and “sauna” which yielded only nine useful studies. Among
these studies, five supported the use of far-infrared sauna
for reducing coronary heart disease risk factors. In addition,
a recent investigation by Laukkanen et al. [37] showed a
negative association between the frequency of sauna bathing
and fatal CV events over a 20 year period suggesting a poten-
tial benefit from sauna treatments, but these investigators
observed that further research was needed to establish a
potential mechanism.
The influence of high temperature on physiological
parameters and body fluid loss in individuals with different
body size (bodymass and height) has beenweakly researched.
Dry sauna leads to changes in physiological parameters as
well as body composition. Sauna bathing induces sweating,
which promotes passive dehydration and leads to hyper-
thermia [18], mainly due to the evaporation of sweat and
enhanced blood circulation in the skin, the main cooling
mechanism in the body [4]. Uncontrolled sweating leads
to body mass loss (0.1-1.0 kg), and fluid loss can reach up
to 13 liters under extreme circumstances, such as sauna
competitions [38]. The body mass loss (BML) observed
after sauna can be attributed mainly to the loss of body
water. The above leads to changes in electrolyte levels, in
particular sodium and chloride, subject to individual sweat
rate and sweat composition [39]. Dehydration induced by
severe sweating can compromise exercise performance and
cognition [40–42]; therefore, during sauna treatment, visitors
should minimize the risk of dehydration by matching their
fluid intake with sweat loss.
A dehydration-related decrease in body mass has been
empirically shown in humans [19]. Approximately 1 L of
bodily fluids is lost through sweating, which corresponds to
the loss of 1 kg of body mass [40, 41]. Sauna-induced body
mass loss can be measured to determine the fluid intake that
is required to compensate for that decrease.The physiological
processes associated with sauna-induced thermal stress have
been widely studied, but the mechanisms responsible for
these processes have not yet been fully elucidated [2, 35].The
risks associated with excessive thermal stress in a sauna have
been well documented, and dehydration, hyperthermia, and
the resulting health problems can be prevented bymonitoring
BML. Dehydration combined with hyperthermia is far more
dangerous for health than dehydration or hyperthermia alone
[43].
The influence of thermal stress during prolonged sauna
use on physiological parameters has limited research in con-
junction with the correlations between somatic features and
body composition. In addition, overweight and sedentary
individuals have a potential additive thermal stress which
might compromise the effects of sauna on health benefits.
Therefore, the aim of this study was to determine the effect
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of thermal stress on physiological parameters and their
correlations with somatic features and body composition
parameters in young, overweight, and sedentary males.
2. Materials and Methods
2.1. Ethical Approval. The study was conducted upon the
prior consent of the Ethics Committee of the University
of Warmia and Mazury in Olsztyn (UWM), Poland. The
study was performed on student volunteers who signed an
informed consent statement.
2.2. Participants Selection. The study was conducted in 2017
on 45 full-time volunteer male students aged 19-24 years
(20.76±2.4).The pool of potential participants were informed
about the purpose of the study during obligatory physical
education (PE) classes at the University of Warmia and
Mazury in Olsztyn.The students who agreed to participate in
the study (67 men) were notified by e-mail and text message
whether they met the inclusion criteria and were provided
with the date of final recruitment. Forty-five studentsmeeting
the below inclusion criteria were recruited for the study. The
participants attended only mandatory PE classes (90 minutes
per week); they did not undertake extracurricular physical
activity and had rarely visited a sauna before the study. The
participants confirmed that they did not take anymedications
or nutritional supplements, were in good health, and had no
history of blood diseases or diseases affecting biochemical
and biomechanical factors. None of the evaluated participants
had respiratory or circulatory ailments. Physical activity (PA)
levels (quantitative analysis) were evaluated with the use of
the Polish short version of the standardized and validated
International Physical Activity Questionnaire (IPAQ) [44].
The IPAQ was used only to select a homogenous sample of
male students, and the results were presented only in terms
ofMetabolic Equivalent of Task (MET) units indicative of the
participants’ PA levels. The participants declared the average
weekly number of minutes dedicated to PA (minimum of 10
minutes) before the study. The energy expenditure associated
with weekly PA levels was expressed in terms of MET units
[45]. The MET is the ratio of the work metabolic rate to
the resting metabolic rate, and 1 MET denotes the amount
of oxygen consumed in 1 minute, which is estimated at 3.5
mL/kg/min. Based on the declared frequency, intensity, and
duration of PA, the respondents were classified into groups
characterized by low L < 600 METs-min/week), moderate
(M < 1,500 METs-min/week), and high (H ≥ 1,500 METs-
min/week) levels of activity.Onlymale students characterized
by low levels of PA (energy expenditure of up to 600METsper
week) and a sedentary lifestyle were chosen for the study.
2.3. Instruments and Procedures. The participants received
comprehensive information about sauna rules during PE
classes preceding the study. They were asked to drink at least
1 L of water on the day of the test and 0.5 L of water 2 hours
before the session. The participants did not consume any
foods or other fluids until after the final body measurements.
All participants visited a dry sauna during weekly PE
classes on the same day, in the same location and over
the same period of time, to minimize the effect of diurnal
variation on the results [46]. Every participant attended
four sauna sessions (temperature: 90∘C; relative humidity:
14-16 %) of 10 minutes each and remained in a sitting
position during each session. After every 10 minute session,
students recovered in a room with a temperature of 18∘C.
Every recovery session lasted 5 minutes, during which the
participants took a shower set to a temperature of 14-15∘C.
The volunteers could also cool down in a paddling pool
(pool width: 100 cm; pool depth: 130 cm; water temperature:
+10∘C).
Body height was measured to the nearest 0.1 mm with a
stadiometer, and nude bodymasswasmeasured to the nearest
0.1 kg with a calibrated WB-150 medical scale (ZPU Tryb
Wag, Poland) prior to the first sauna session. Nude bodymass
was also measured after the last 5-minute cooling break (after
60 minutes of the experiment) to calculate body mass loss
(BML). Somatic features, including body mass, body mass
index (BMI), body surface area (BSA), and the waist-hip ratio
(WHR), and body composition parameters, including body
mass, total body water (TBW), protein and mineral content,
body fat mass (BFM), fat-free mass (FFM), skeletal muscle
mass (SMM), percent body fat (PBF), InBody score, target
weight, visceral fat level (VFL), basal metabolic rate (BMR),
and degree of obesity, were determined by bioelectrical
impedance [47] with the InBody 720 body composition
analyzer before the first sauna session. During exposure to
high temperature in the sauna, physiological parameters,
including heart rate (HRmin,avg,max), recovery time, peak
training effect (PTE), energy expenditure, estimated oxy-
gen uptake (VO2 avg,max), estimated excess postexercise oxy-
gen consumption (EPOCavg,peak), estimated respiratory rate
(avg,max), and physical effort (easy, moderate, difficult, very
difficult, maximal), were measured indirectly with Suunto
Ambit3 Peak Sapphire heart rate monitors which are widely
used in studies of the type [9]. HR monitors were placed
on the left or right wrist (for left-handed and right-handed
participants), and the sensors were attached to the chest.
Every pulsometer was calibrated to male sex, year of birth,
bodymass, and PA level. Blood pressure (BP) was determined
with an automatic digital blood pressure monitor (Omron
M6 Comfort, Japan) before the first session and immediately
after each session with the participant remaining in a sitting
position.
2.4. Statistical Analysis. The measured data were processed
statistically in the Statistica PL v. 10 application with the
use of descriptive statistics. The values of the asymmetry
coefficient (AC) were calculated to analyze the normality
of distribution. The arithmetic means of the parameters
measured after each of the four sauna sessionswere compared
by one-way (univariate) analysis of variance (ANOVA).
The Least Significant Difference (LSD) post hoc test was
performed when the F value was statistically significant. The
above test is particularly recommended for planned repetitive
experiments or longitudinal data with equal group size. The
direction and strength of the relationships between interval
features were determined by calculating Pearson’s correlation
coefficient (r).
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3. Results
The results are presented in five tables. The participants’
anthropometric features and physiological parameters are
presented in Table 1.
The surveyed male students lost a significant (p<0.001,
t=18.33, df=44) amount of bodily fluids (0.65±0.24 kg) after
the 60-minute experiment (4 sauna sessions of 10 minutes
each with four 5-minute breaks between sessions). The
participants’ average body mass (85.86 kg) was excessive
relative to height (179.71 cm), and the subjects were classified
as overweight based on their BMI (26.55 kg/m2) according
to WHO standards. The lowest BMI values (18.75 kg.m2)
were within the norm, whereas the highest BMI values (40.23
kg.m2) were indicative of class III obesity. The waist-hip
ratio (0.89) approximated the upper limit of the healthy
range (WHR>0.90) and was not indicative of android obesity
(WHR ≥1), with relatively high values of VFL (7.56 kg) and
high degree of obesity (120.96). According to the percent
body fat scale developed by Thompson [48] and the noted
BFM values (18.94 kg), the evaluated students (PBF=21.87%)
belonged to a “potential risk” group (19.0-24.0%). High BFM
values were accompanied by relatively high values of SMM
and FMM (38.11 and 66.9 kg, respectively), whereas the
average values of systolic (SBP) and diastolic blood pressure
(DBP) were within the norm (125.84 mmHg and 81.38
mmHg, respectively).
The values of HRmin,mean,max increased significantly
(p<0.001) during successive 10-minute sauna sessions with 5-
minute breaks between sessions. The average HR was deter-
mined at 98 bpm during the first sauna session and at 133.36
bpm (difficult effort) during the fourth session. Maximum
HR values (HRmax) reached up to 160 bpm (maximal effort)
during the fourth session. The recommended recovery time
(calculated automatically by HR monitors) was 0.20 h after
the first sauna session, and it differed significantly (p<0.001)
after the fourth session at 2.69 h. The participants burned
73.04, 93.82, 114.91, and 131.40 kcal during every successive
10-minute session in the sauna. Between the first and the
fourth session, the values of VO2 mean and VO2 max increased
significantly from 11.44 (1st) to 26.44 L/min/kg (4th) and
from 20.44 (1st) to 30.40 L/min/kg (4th), respectively. A
significant (p<0.001) increase was also noted in EPOCmean
and EPOCpeak values (1.78-12.82 L/min and 3.93-25.31 L/min,
respectively). The average respiratory rate was 17.18 breaths
perminute during the first 10-minute session, and it increased
significantly (p<0.001) to 23.44 breaths perminute during the
fourth session. The values of SBP and DBP also increased
significantly (p<0.001) from 128.40 (1st) to 140.67 mmHg
(4th), and from 82.89 (1st) to 94.27 mmHg (4th), respectively.
The highest number of HR readouts were within the easy
effort range (<107 bpm: 464.1 s) during the first sauna session,
within the moderate effort range (107-124 bpm: 312.7 and
265.8 s, respectively) during the second and third session,
and within the difficult effort range (125-141 bpm: 416.7 s)
during the fourth session. Between the second and fourth
sauna session, HR values increased significantly (p<0.001)
within the very difficult effort range (142-159 bpm; from 1.1
s to 99.0 s), and HR values indicative of maximal effort (≥160
bpm) were not observed (Table 2).
Body height was not significantly correlated with any of
the analyzed body composition parameters, excluding DBP
during the first sauna session (r=0.31). All HR values were
significantly correlatedwith bodymass, BMI, BSA, andWHR
during the third and/or fourth session. Energy expendi-
ture was significantly correlated with all body composition
parameters between the second and the fourth session. The
values of VO2avg were bound by a significant positive correla-
tion with BMI and WHR during the fourth session, whereas
a significant negative correlation was noted between VO2max
and body mass, BSA, and WHR during the second session.
The values of EPOCavg,peak and respiratory ratesavg,max were
significantly correlatedwith bodymass, BMI, BSA, andWHR
during the fourth session, and significant correlations were
observed only incidentally in the remaining cases. Blood
pressure (SBP and DBP) was most significantly correlated
with body mass, BMI, BSA and WHR during all sauna ses-
sions. The increasing values of correlation coefficients during
every successive sauna session point to increasingly stronger
correlations between the analyzed anthropometric features
and indicators (mainly body mass, BMI, BSA, and WHR)
and physiological parameters (HRmin,mean,max , energy expen-
diture, VO2 avg,max, EPOCavg,peak, respiratory rateavg,max , and
BPSBP,DBP) during prolonged sauna use (Table 3).
All analyzed values of HRmin,mean,max were significantly
correlated with body composition parameters (TBW, pro-
teins, minerals, BFM, FFM, SMM, and PBF) and PBSBP,DBP
values before sauna and during the third and fourth sauna
session. Energy expenditure was significantly correlated with
the above parameters already during the second session. Sig-
nificant correlations between VO2 avg,max, EPOCavg,peak , and
respiratory rateavg,max were rarely observed, and they were
noted mainly during the four session.The values of BPSBP,DBP
were most significantly correlated (between the first and
the fourth session) with SBP and DBP before sauna. The
increasing values of correlation coefficients during successive
sauna sessions point to stronger correlations between body
composition parameters (TBW, proteins, minerals, BFM,
FFM, and SMM) and energy expenditure, and, to a smaller
extent, between body composition parameters and HR,
EPOCavg,peak, and respiratory rateavg,max during prolonged
sauna use. No such trends were observed in the correlations
between SBP and DBP values during each session and before
sauna, and the values of r were highly varied (Table 4).
The values of HRmin,mean,max , EPOCavg,peak, and respi-
ratory rateavg,max were significantly correlated with body
composition parameters (PBF, BFM, FFM, VFL, obesity
degree) mostly during the fourth session and, less frequently,
during the third session; and they were correlated with
BML during the first and second session. Energy expen-
diture was significantly correlated with BML during every
session, and with the remaining parameters during the
second or the third session. The values of r decreased for
the correlation with BML and increased for the correlations
with the remaining parameters. The values of BP SBP,DBP
were most significantly correlated with PBF, BFM, WFL
and obesity degree (increasing trend). Body mass loss was
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Table 1: Descriptive statistics of the studied anthropometric features and physiological parameters (N=45) before sauna.
Features Mean SD min-max AC
Body mass [kg] before sauna 85.86 14.89 55.90-137.70 1.33
Body mass [kg] aer sauna 85.21 14.83 55.39-137.15 1.33
Body mass loss [kg] ∗) 0.65 0.24 0.34-1.23 -0.97
Body height [cm] 179.71 6.45 166.0-194.0 -0.10
BMI (BodyMass Index) [kg/m2] 26.55 4.06 18.75-40.23 0.70
BSA (Body Surface Area) [m2] 2.07 0.19 1.63-2.67 0.97
WHR (Waist-Hip Ratio) 0.89 0.09 0.75-1.20 0.98
TBW (Total BodyWater) [L] 48.98 6.33 32.90-64.00 -0.07
Proteins [kg] 13.29 1.74 8.90-17.20 -0.09
Minerals [kg] 4.63 0.64 3.24-6.25 -0.08
SMM (Skeletal Muscle Mass) [kg] 38.11 5.26 24.70-50.00 -0.12
SBP (Systolic Blood Pressure) [mmHg] 125.84 9.47 106-140 -0.54
DBP (Diastolic Blood Pressure) [mmHg] 81.38 5.97 69-92 -0.24
PBF (Percent Body Fat) [%] 21.87 7.23 7.30-46.30 0.49
BFM (Body Fat Mass) [kg] 18.94 9.96 5.00-63.80 2.28
FFM (Fat Free Mass) [kg] 66.9 8.68 45.00-87.50 -0.07
VFL (Visceral Fat Level) [kg] 7.56 4.57 1.00-28.00 2.22
Obesity Degree 120.96 18.55 85-183 0.65
InBody score 78.42 10.30 39-95 -1.01
Target weight 79.10 8.97 63-103 0.34
BMR (metabolism) [kcal] 1815.3 187.3 1342-2260 -0.07
MET (Metabolic Equivalent of Task) [mL/kg/min] 514.87 74.90 390-599 -0.51
Key: AC: asymmetry coefficient, ∗t= 18.33, df=44, and p<0.001.
significantly correlated only with SBL (decreasing trend).The
increasing values of correlation coefficients during successive
sauna sessions point to stronger correlations between the
analyzed body composition parameters (excluding BML)
versus energy expenditure, BPSBP,DBP, and, to a lesser extent,
between body composition parameters versusHRmin,mean,max ,
EPOCavg,peak, and respiratory rateavg,max during prolonged
sauna use (Table 5).
4. Discussion
The current study produced a number of interesting obser-
vations. The energy expenditure of the evaluated males
during four 10-minute sauna sessions was most frequently
correlated with body mass, somatic indicators (BMI, BSA,
and WHR), body composition parameters (TBW, proteins,
minerals, BFM, FFM, SMM, BFM, VFL, and obesity degree),
and BPSBP,DBP before sauna use. These findings suggest
that the energy expenditure of young men during sauna
bathing is influenced by various factors, in particular body
mass (39< r <70), BMI (37< r < 81) and BSA (37< r <
63). This study demonstrated that individuals with higher
body mass, body area, body fat mass and muscle mass
expend relatively more calories during sauna bathing. The
presented results also confirmed previous findings that
energy expenditure is influenced by the duration of sauna
bathing. During the first 10 minutes, the evaluated males
expended around 73 calories on average, but their energy
expenditure increased significantly (p<0.001) to more than
134 calories during the last 10-minute session. In partic-
ipants with the highest values of anthropometric features
and body composition parameters, maximal energy expen-
diture reached 153 calories during 10 minutes of sauna
use.
Increased energy expenditure was accompanied by grow-
ing values of HRavg during successive sauna sessions (from
98 bpm during the first session to more than 133 bpm
during the fourth session). These results indicate that average
physical effort during the fourth sauna session was within
the difficult range (125-141 bpm). The highest HR values
within the very difficult range (142-159 bpm) were also noted
during the fourth session, reaching up to 153 bpm in extreme
cases. The above results were also observed in men with
the highest values of somatic indicators. In young people
who regularly use the sauna, HR increases to approximately
100-110 bpm and may exceed 140-150 bpm with a rise in
ambient temperature [14, 24, 25, 49–53]. The increase in
HR can be even higher in participants who do not use
the sauna regularly, which can be attributed to the lack
of physiological adaptation to high temperature [25]. The
rise in HR is also influenced by other factors, such as the
length of stay in the sauna, age, sex, and physical endurance
[54]. In this study, male participants rarely used the sauna
and were characterized by low PA and overweight; and in
extreme cases, the noted HRmax values approximated the
lower boundary of the maximal effort range (≤ 160 bpm).
In terms of health outcomes, the increase inHR to around
120 bpm is regarded as a beneficial adaptive response, whereas
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Table 2: Comparison of the arithmetic means of physiological parameters (N = 45) after every sauna session [differences in arithmetic means
are highly statistically significant ∗)-post hoc LSD test].
Parameter
Sauna session Diﬀerence
1 2 3 4
Mean SD min-max Mean SD min-max Mean SD min-max Mean SD min-max F p
HRmin [bpm] 83.07 8.30 67-103 88.96 8.07 71-103 98.84 9.36 72-114 108.18 11.38 80-128 62.74 <0.001
HRakg [bpm] 98.00 7.41 84-114 109.67 6.44 97-121 121.36 5.63 102-131 133.36 5.54 116-145 261.92 <0.001
HRmax [bpm] 115.51 9.44 92-131 129.16 8.30 110-150 135.73 6.03 122-147 144.82 5.80 135-168 120.05 <0.001
Recovery time [h] 0.20 0.40 0-1 0.84 0.47 0-2 1.71 0.51 1-3 2.69 0.51 1-3 231.04 <0.001
PTE-Peak Training Eﬀect 1.22 0.13 1.0-1.7 1.51 0.21 1.2-2.0 1.90 0.18 1.4-2.2 2.26 0.19 2.0-2.7 282.74 <0.001
Energy expenditure [kcal] 73.04 12.36 52-94 93.82 10.91 74-109 114.91 8.95 91-134 131.40 10.85 109-153 246.40 <0.001
VO2akg [mL/kg/min] 14.44 2.41 10-20 18.24 2.49 15-23 22.16 2.60 16-26 26.44 2.50 21-31 191.22 <0.001
VO2max [mL/kg/min] 20.44 3.73 13-27 24.82 3.54 18-33 26.93 3.22 19-32 30.40 2.73 24-35 70.49 <0.001
EPOCakg [mL/kg] 1.78 0.70 1-4 3.27 1.59 1-7 6.53 2.51 2-13 12.89 3.76 5-20 186.67 <0.001
EPOCmax [mL/kg] 3.93 1.47 2-8 7.69 2.62 4-14 13.58 3.92 7-22 25.31 6.71 14-39 226.34 <0.001
Respiratory rateakg
[brpm] 17.18 1.35 15-20 18.93 1.63 15-23 20.87 1.47 18-25 23.44 1.85 20-27 128.96 <0.001
Respiratory ratemax
[brpm] 22.76 1.36 20-25 24.89 1.68 22-29 26.24 1.60 24-31 29.62 2.72 25-37 102.06 <0.001
Systolic blood
pressure-SBP [mmHg] 128.40 8.74 110-145 132.02 8.04 115-147 135.51 8.01 119-151 140.67 7.55 126-158 18.74 <0.001
Diastolic blood
pressure-DBP [mmHg] 82.89 6.55 72-96 85.31 6.07 73-103 88.93 7.12 75-110 94.27 9.00 80-121 20.82 <0.001
Physical eﬀort
Easy <107 [bpm] 464.1 125.6 152-600 233.2 161.7 7-493 68.0 105.9 0-397 4.5 11.5 0-63 142.2 <0.001
Moderate 107-124 [bpm] 133.1 124.6 0-447 312.7 163.1 57-573 265.8 131.0 55-557 79.7 100.1 2-484 31.1 <0.001
Diﬃcult 125-141 [bpm] 2.8 10.2 0-62 53.0 65.5 0-279 263.5 157.4 0-540 416.7 134.2 53-592 140.5 <0.001
Very Diﬃcult 142-159
[bpm] 0.0 0.0 0-0 1.1 5.6 0-36 2.7 11.4 0-73 99.0 127.6 0-456 26.2 <0.001
Maximal ≥ 160 [bpm] All values are zero
∗ indicates that the difference between the first and the second sauna session was not significant only for DBP (close to significance, p = 0.115).
an increase in excess of 140 bpm can have adverse conse-
quences because it is associated with higher cardiac effort and
diastole shortening [54]. The mechanism underlying the rise
in HR probably relies on an increase in blood temperature
and reflex stimulation of energetic cardiac beta-receptors
[50]. High humidity in the sauna room also influences HR,
but humidity was relatively low (14-16%) in this study. Heart
rate decreases slowly during prolonged and gradual body
cooling, such as a cold shower. Baseline HR is restored
approximately 1-4 hours after sauna if the body is cooled at
room temperature [50] In the present study, all participants
took a cold shower during 5-minute breaks, and only 9 men
stepped into a cold paddling pool (11-12∘C) for less than 20
seconds. The evaluated students spent the remainder of the
break in a sitting position in a room with a temperature of
25∘C. Despite the above, the participants’ HR values did not
return to baseline values, but continued to increase during
successive sauna sessions. The above could suggest that 5-
minute breaks were not long enough for participants whose
HR and BP values exceeded the recommended norm during
successive sauna sessions.
Sauna bathing at a temperature of 90∘C can induce
massive bodily effort which not always delivers positive
health effects, both physiological and psychological. Similar
observations were made in our previous study [1] which
demonstrated that sauna bathing had a highly relaxing and
calming effect on most students; notwithstanding, in Pod-
stawski et al. [1], 23.7% men and 14.93% women experienced
discomfort due to excessive temperature, claustrophobia,
excessive number of sauna users and the presence of the
opposite sex. The effect of sexual dimorphism seems to be
more linked with the participants’ sociocultural status, which
was confirmed in our successive study [6].The average values
of HRmin during the first sauna session were relatively high
(83.07 bpm), which could be indicative of psychological
discomfort.
Similar values of HR (82.7 bpm) before sauna use were
also observed in men who did not train professionally and
visited a sauna sporadically. These results were significantly
higher than in men with average and high training levels
(71.8 bpm and 68 bpm, respectively) who were regular sauna
users. During a 30-minute stay in the sauna (3 sessions of
BioMed Research International 7
Table 3: Correlations between anthropometric features and physiological parameters after successive sauna sessions (values in bold are
statistically significant).
Traits Saunasession
HR Energy expend.
[kcal]
VO2 EPOC
Respiratory
rate
Blood
pressure
min avg max max –min avg max avg peak avg max SBP DBP
Body height
[cm]
1 -0.05 -0.08 -0.07 -0.03 -0.17 -0.04 -0.06 -0.14 -0.07 -0.10 -0.15 -0.24 -0.31
2 0.12 -0.12 -0.12 -0.17 0.11 -0.08 -0.19 -0.25 -0.05 0.02 0.12 -0.22 -0.27
3 0.13 0.14 0.18 -0.01 0.15 0.01 0.00 -0.06 -0.9 -0.13 -0.09 -0.14 -0.23
4 -0.13 -0.16 -0.26 0.00 -0.08 -0.23 -0.19 -0.22 -0.22 -0.20 -0.15 -0.16 -0.29
Body mass [kg]
1 -0.10 -0.11 -0.08 0.01 -0.04 -0.01 0.00 -0.09 -0.05 -0.10 -0.09 0.53 0.32
2 0.25 0.07 -0.12 -0.26 0.39 -0.13 -0.35 -0.07 -0.09 0.08 -0.01 0.52 0.36
3 0.21 0.34 0.28 -0.02 0.66 0.01 -0.05 0.10 0.23 0.14 0.18 0.61 0.49
4 0.36 0.44 0.31 -0.22 0.70 0.19 0.06 038 0.44 0.33 0.40 0.63 0.49
BMI (Body
Mass Index)
[kg/m2]
1 -0.08 -0.07 -0.05 0.01 0.04 0.02 0.03 -0.02 -0.02 -0.05 -0.01 0.71 0.50
2 0.23 0.13 -0.07 -0.21 0.37 -0.09 -0.28 0.05 -0.07 0.08 -0.07 0.69 0.53
3 0.20 0.33 0.25 -0.04 0.66 0.03 -0.03 0.17 0.24 0.24 0.26 0.75 0.66
4 0.45 0.56 0.47 -0.05 0.81 0.31 0.16 0.51 0.59 0.45 0.51 0.77 0.68
BSA (Body
Surface Area)
[m2]
1 -0.09 -0.11 -0.08 -0.00 -0.06 -0.00 0.00 -0.10 -0.06 -0.10 -0.10 0.46 0.24
2 0.25 0.04 -0.13 -0.27 0.37 -0.13 -0.35 -0.11 -0.09 0.06 0.00 0.45 0.29
3 0.22 0.34 0.30 -0.02 0.64 0.02 -0.03 0.09 0.24 0.11 0.15 0.54 0.41
4 0.32 0.37 0.23 -0.22 0.63 0.12 0.01 0.30 0.36 0.26 0.33 0.55 0.39
WHR
(Waist-Hip
Ratio)
1 -0.23 -0.13 -0.01 0.17 -0.05 -0.08 0.03 -0.02 -0.03 -0.12 -0.17 0.70 0.51
2 0.25 0.15 -0.05 -0.21 0.35 -0.11 -0.31 0.03 -0.07 0.13 -0.08 0.71 0.59
3 0.06 0.09 0.27 0.11 0.47 -0.14 -0.02 -0.01 0.08 0.09 0.21 0.72 0.61
4 0.31 0.48 0.42 -0.11 0.54 0.33 0.24 0.47 0.55 0.31 0.40 0.79 0.68
10 minutes each with 5-minute breaks; temperature: 83∘C;
humidity: 12-14%), the HR values of sedentary men increased
most significantly (119.9 bpm) relative to the participants
with average and high training levels (107 and 83.6 bpm,
respectively) [55]. In a study by Pilch et al. [11], the HR
values of 10 professional swimmers and 10 untrained students
(aged 20-23 years), participating in three 15-minute sauna
sessions with 5-minute breaks (temperature: 92.3∘C, humid-
ity: 27.4%), increased from 74 and 108 bpm to 133 and 144
bpm, respectively, after the third session. In a follow-up study
conducted on 10males (aged 25-28 years), who attended three
15-minute sauna sessions with 5-minute breaks (temperature:
91∘C, humidity: 5-18%), Pilch et al. [56] observed that HR
values increased significantly from 66.6 bpm before sauna
to 126 bpm immediately after sauna. A study of 8 healthy
men (mean age of 30 years, in the range of 22 to 53 years)
exposed to a temperature of 80-90∘C for 30minutes in a sauna
revealed an increase inHR values from 78.5 to 103.6 bpm [57].
The HR values of scuba divers did not change significantly
after a 30-minute session in a dry sauna (65∘C) [12]. The HR
values of professional runners were determined at around 140
bpm after 31 to 35 minutes of sauna bathing (temperature:
89.9±2.0∘C, humidity: up to 18%) [9].
Blood pressure (SBP and DBP) increased significantly
after successive sauna sessions, and the average BP during
the fourth session (140/94 mmHg) was indicative of stage 1
hypertension [58], which could point to preexisting health
conditions that were manifested under exposure to thermal
stress. A study of men with various training levels (high,
average and men who did not train professionally) revealed
an increase in SBP values (from 125.7 to 133, from 121.5 to
129.6, from 113.4 to 119.4 mmHg) and a decrease in DBP
values during sauna (from 73.47 to 69.4, from 75.6 to 73.5,
from 71.4 to 70.1 mmHg, respectively) [55]. Three 15-minute
sessions separated by 5-minute breaks (temperature: 92.3,
humidity: up to 17.4%) increased SBP values from 122.6 to
142.6 mmHg and decreased DPB values from 78.7 to 63.7
mmHg in 10 healthy males aged 25-28 years [56]. After
30 minutes of bathing in a dry sauna (65∘C), SBP values
decreased significantly (112±10 mmHg, p=0.013), whereas
DBP values remained unchanged [12]. In men aged 22-53
years exposed to a temperature of 80-90∘C for 30 minutes in
a sauna, SBP values increased from 118 to 120 mmHg [57]. In
the present study, the highest BP of 158/121 mmHg was noted
in participants with the highest values of somatic indicators
and body composition parameters (overweight or obesity).
The values of SBP andDBP are generally higher in overweight
or obese men and women than in normal weight individuals
[59]. These values are often indicative of hypertension and
indeed other comorbidities [60]. For this reason, it is advo-
cated that individuals with diagnosed hypertension should
use the sauna at lower temperatures (45-50∘C), which are
characteristic of steam sauna, but are not accompanied by
high humidity (100%) [17, 54]. Humidity is low in the Finnish
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Table 4: Correlations between body composition parameters and blood pressure before sauna and physiological parameters after successive
sauna sessions (values in bold are statistically significant).
Parameters Order ofentry
HR Energy expend.
[kcal]
VO2 EPOC
Respiratory
rate
Blood
pressure
min avg max max –min avg max avg peak avg max SBP DBP
TBW (Total
BodyWater)
[L]
1 0.14 0.07 0.02 -0.08 0.08 0.19 0.11 0.03 0.04 0.12 0.08 0.22 0.03
2 0.22 0.03 -0.12 -0.23 0.29 -0.04 -0.22 -0.08 -0.03 0.01 0.04 0.17 0.04
3 0.21 0.37 0.33 -0.00 0.53 0.12 0.04 0.09 0.29 0.08 0.11 0.27 0.18
4 0.29 0.26 0.09 -0.27 0.53 0.01 -0.09 0.20 0.23 0.23 0.25 0.23 0.11
Proteins [kg]
1 0.15 0.09 0.03 -0.09 0.11 0.21 0.12 0.05 0.05 0.14 0.10 0.25 0.06
2 0.22 0.05 -0.10 -0.22 0.30 -0.02 -0.21 -0.07 -0.01 0.02 0.05 0.19 0.06
3 0.21 0.37 0.33 0.01 0.54 0.13 0.05 0.10 0.30 0.08 0.12 0.29 0.19
4 0.29 0.28 0.11 -0.26 0.55 0.02 -0.09 0.22 0.25 0.24 0.26 0.24 0.12
Minerals [kg]
1 0.08 0.02 -0.02 -0.07 0.06 0.14 0.07 -0.04 0.02 0.05 0.04 0.16 -0.02
2 0.17 0.02 -0.10 -0.19 0.30 -0.02 -0.21 -0.09 0.01 0.00 0.08 0.13 0.02
3 0.20 0.38 0.25 -0.04 0.52 0.10 -0.02 0.11 0.26 0.08 0.08 0.23 0.14
4 0.31 0.22 0.06 -0.31 0.49 -0.03 -0.12 0.16 0.17 0.18 0.20 0.20 0.07
SMM (Skeletal
Muscle Mass)
[kg]
1 0.15 0.08 0.03 -0.09 0.10 0.20 0.11 0.05 0.05 0.13 0.09 0.24 0.05
2 0.22 0.04 -0.11 -0.23 0.29 -0.03 -0.22 -0.07 -0.02 0.02 0.04 0.18 0.05
3 0.21 0.37 0.33 0.00 0.53 0.12 0.04 0.09 0.29 0.09 0.12 0.28 0.18
4 0.29 0.27 0.11 -0.27 0.55 0.01 -0.09 0.21 0.24 0.23 0.25 0.24 0.12
SBP (Systolic
Blood Pressure)
before sauna
[mmHg]
1 -0.01 -0.01 -0.02 -0.00 0.15 0.03 0.03 0.06 0.01 -0.07 -0.11 0.91 0.63
2 0.13 0.13 -0.05 -0.12 0.36 -0.10 -0.28 0.08 -0.09 0.03 -0.21 0.90 0.66
3 0.13 0.24 0.26 0.04 0.61 0.04 0.07 0.14 0.20 0.17 0.27 0.91 0.73
4 0.48 0.46 0.43 -0.29 0.65 0.24 0.15 0.48 0.50 0.29 0.36 0.91 0.73
DBP (Diastolic
Blood Pressure)
before sauna
[mmHg]
1 -0.08 0.01 0.10 0.15 0.11 0.04 0.14 0.13 0.12 0.03 0.04 0.84 0.82
2 0.10 0.13 -0.05 -0.10 0.32 -0.05 -0.23 0.09 -0.04 0.09 -0.17 0.80 0.85
3 0.13 0.23 0.26 0.04 0.48 0.10 0.08 0.19 0.20 0.20 0.28 0.77 0.81
4 0.36 0.42 0.36 -0.20 0.58 0.22 0.13 0.47 0.50 0.34 0.42 0.84 0.79
sauna (5-10%), which stimulates hemodynamic changes,
including a decrease in BP and vascular resistance [61]. Air
humidity is increased by pouring water onto heated stones,
which induces a minor and transient (3-15 mmHg) increase
in SBP [50]. Imamura and Kihara demonstrated a minor, but
statistically significant decrease in the BP values of patients
who regularly visited an infrared sauna over a period of
two weeks [13, 17]. In people who assume a seated position
in the sauna, BP may not be maintained within a constant
range because peripheral vasodilation in the lower limbs
and the absence of muscle pump activity under exposure to
high temperature can decrease reflex vasoconstriction and
venous return [54, 62]. Coronary vasospasm can further
disrupt the equilibrium between oxygen demand and oxygen
supply to the myocardium [63], and it increases the risk
of arrhythmia, myocardial ischemia and infarction [62, 64].
In this study, male students maintained a standardized
sitting position in the sauna, which could increase their SPB
and DBP, especially that the participants were overweight,
had a sedentary lifestyle and rarely visited the sauna. The
above risks are particularly high in people suffering from
coronary atherosclerosis, which iswhy cooling bywhole body
immersion is not, de facto, recommended for every sauna
user [65, 66]. Sauna bathing rarely confers undesirable effects
on participants with a healthy cardiovascular system [62, 67].
Cooling by immersion in cold water is not recommended
for patients with cardiovascular problems, however, gradual
cooling, including in a shower, is advised [68].
The effects of sauna bathing on BP reported in the liter-
ature vary considerably, depending on the applied method
of measurement, type of sauna, duration of exposure which
elicits the evaporation effect, and user adaptation to high tem-
perature. Considerable variations were reported in studies
where BP was measured with a sphygmomanometer, ranging
from a minor increase [2, 69] or the absence of any changes
[52, 70–72] to a decrease in SBP [17, 72–74] and DBP values
[13–15, 17, 25, 49, 50, 52, 75].
The bodymass loss associated with sauna bathing is also a
very important indicator. Sweat volume during sauna bathing
is estimated at 0.6 to 1.0 kg/h, and sweating is generally
intensified with a rise in temperature and humidity, although
individual responses may vary [52]. During 40 minutes of
sauna bathing, the BML of the evaluated males was estimated
at 0.65 kg, and it accounted for 0.75% of their body mass.
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Table 5: Correlations between body composition parameters relating to adipose tissue and physiological parameters after successive sauna
sessions (values in bold are statistically significant).
Parameters Saunasession
HR Energy expend.
[kcal]
VO2 EPOC
Respiratory
rate
Blood
pressure
min avg max max –min avg max avg peak avg max SBP DBP
PBF (Percent
Body Fat) [%]
1 -0.27 -0.21 -0.12 0.09 -0.07 -0.15 -0.06 -0.15 -0.10 -0.22 -0.17 0.66 0.51
2 0.13 0.07 -0.08 -0.14 0.26 -0.15 -0.29 0.02 -0.10 0.03 -0.13 0.69 0.55
3 0.09 0.15 0.19 0.03 0.44 -0.04 0.02 0.12 0.15 0.18 0.23 0.69 0.60
4 0.26 0.36 0.37 -0.08 0.52 0.23 0.14 0.34 0.42 0.20 0.30 0.77 0.66
BFM (Body Fat
Mass) [kg]
1 -0.27 -0.23 -0.14 0.09 -0.13 -0.18 -0.10 -0.16 -0.11 -0.25 -0.20 0.61 0.44
2 0.19 0.08 -0.08 -0.19 0.32 -0.16 -0.32 -0.04 -0.11 0.11 -0.05 0.64 0.51
3 0.13 0.18 0.14 -0.03 0.53 -0.10 -0.10 0.07 0.09 0.15 0.17 0.67 0.58
4 0.28 0.42 0.38 -0.09 0.59 0.27 0.17 0.38 0.46 0.30 0.38 0.74 0.64
FFM (Fat Free
Mass) [kg]
1 0.14 0.07 0.02 -0.08 0.08 0.19 0.11 0.03 0.04 0.11 0.08 0.22 0.04
2 0.22 0.03 -0.11 -0.23 0.29 -0.03 -0.22 -0.08 -0.02 0.01 0.04 0.17 0.04
3 0.21 0.37 0.33 -0.00 0.53 0.12 0.04 0.09 0.29 0.08 0.11 0.27 0.18
4 0.29 0.26 0.09 -0.27 0.54 0.01 -0.09 0.20 0.23 0.23 0.25 0.23 0.11
VFL (Visceral
Fat Level) [kg]
1 -0.27 -0.21 -0.11 0.11 -0.12 -0.16 -0.06 -0.14 -0.09 -0.22 -0.19 0.62 0.45
2 0.21 0.10 -0.09 -0.21 0.34 -0.14 -0.34 -0.03 -0.10 0.11 -0.06 0.64 0.51
3 0.11 0.19 0.16 -0.01 0.53 -0.09 -0.10 0.07 0.11 0.15 0.18 0.67 0.58
4 0.31 0.44 0.37 -0.13 0.59 0.28 0.18 0.41 0.48 0.31 0.39 0.74 0.64
Obesity Degree
1 -0.06 -0.07 -0.06 -0.01 0.05 0.03 0.03 -0.02 -0.02 -0.05 -0.00 0.71 0.48
2 0.22 0.11 -0.07 -0.20 0.35 -0.11 -0.28 0.04 -0.09 0.07 -0.08 0.69 0.52
3 0.19 0.33 0.23 -0.04 0.68 0.03 -0.04 0.17 0.23 0.23 0.24 0.75 0.65
4 0.46 0.56 0.48 -0.24 0.82 0.31 0.16 0.52 0.59 0.46 0.50 0.77 0.68
BML (Body
Mass Loss) [kg]
1 0.40 0.41 0.20 -0.13 0.59 0.32 -0.10 0.25 0.29 0.07 -0.11 0.36 0.25
2 0.14 0.42 0.03 -0.08 0.55 0.28 0.08 0.34 0.27 0.33 0.07 0.35 0.21
3 0.02 0.14 0.20 0.10 0.43 0.04 0.03 0.11 0.08 0.20 0.29 0.35 0.20
4 0.12 0.26 0.01 -0.12 0.29 0.08 -0.13 0.20 0.11 0.10 0.06 0.33 0.25
The values of BML were also significantly correlated with
anthropogenic indicators, body composition parameters and
physiological parameters. The results of our study indicate
that persons with a high BMI are more prone to dehydration,
which is why individuals should replenish lost fluids during
sauna bathing. Analogous results were noted in our previ-
ous study [19] which demonstrated significant correlations
between BMI and BML and highlighted that the loss of bodily
fluids in a dry sauna can be accurately predicted based on
BMI values. Bodymass loss, expressed as a percentage of total
body mass increased disproportionately with an increase in
the subjects’ BMI. Body mass loss was lowest in underweight
students, and it was higher in participants with normal body
weight. BML values were very high in overweight and obese
males and females and were approximately twofold higher
than in underweight women, with similar correlations were
noted in men [19]. In our previous study [18], BML values
measured after sauna bathing were significantly higher in
female and male subjects with higher body mass, but they
tended to be lower in taller participants (less so inmen).With
every kilogram increase in body mass, the corresponding
BML values increased by 0.0144 kg in women and 0.0146
kg in men on average. In the present study, BML was not
correlated with height, probably because this parameter was
not correlated with physiological indicators such as HR,
energy expenditure, VO2 avg,max, EPOCavg,peak, respiratory
rateavg,max, and SBP (Table 3). Sweating begins shortly upon
entering the sauna and peaks after approximately 15 minutes.
The average total sweat secretion has been estimated at 0.5
kg [75]. Body core temperature increases by 0.1 to 0.25∘C
per every percent of BML [76, 77]. Kozłowski and Saltin [78]
conducted one of the first studies into the effect of sweating on
the fluid balance, analyzing sweating-induced dehydration in
6 healthy males who were exposed to a temperature of 80∘C
in a sauna for 2.5 hours, which is nearly four times longer
than in our study. In Kozłowski and Saltin [78], the average
BML during the 2.5-hour sauna session was determined at
3.1 kg (4.1%). In other studies, the average sauna-induced
BML was estimated at 400–600 g [49, 79]. In a study of
swimmers and untrained subjects who attended three sauna
sessions of 15 minutes each (temperature: 92.3∘C, humidity:
up to 27.4%), BML was determined at 0.43 and 0.82 kg,
respectively. The results of the present study were similar
to those reported by Pilch et al. [54] who analyzed changes
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in BML and physiological and biochemical parameters in
10 healthy males attending three 15-minute sauna sessions
(temperature: 91∘C, humidity: 5-18%) with 5-minute breaks.
The participants assumed a sitting position in the sauna and
lost 0.72 kg of bodily fluids. Coles et al. [80] studied 10
male subjects who remained in a dry sauna for six 15-minute
sessions (temperature 48.9∘C) with 5-minute breaks between
sessions. The experiment involved a euhydration trial and a
dehydration trial. The participants did not ingest any fluids
during the dehydration trial.The experimental procedurewas
identical in both trials, the only difference being that during
the euhydration trial, the participants were asked to drink
water in a volume corresponding to the amount of bodymass
lost in the previous sauna session. The subjects lost 0.33 kg
of body mass (0.4%) in the euhydration trial and 1.99 kg
(2.3%) in the dehydration trial. In a study of 30 nonobese
and obese individuals exposed to a temperature of 80∘C for
three 20-minute sauna sessions, BML values (-1.82 kg; in the
range of -1.53 to -2.04 kg; 3.0 ± 0.5%) differed significantly
(p < 0.001) between nonobese (22.8 ± 1.6) and obese (28.5 ±
1.9) subjects [81]. Thomas et al. [82] determined the average
BML (normalized to body mass %) of 12 healthy adults at
0.91 ± 0.34% (in the range of 0.33–1.4%) after a 30-minute
session in the sauna.The bodymass of scuba divers decreased
significantly (-450±18 g; p<0.001) after 30 minutes in a dry
sauna (65∘C) [12].
5. Limitations
The use of Suunto Ambit3 Peak Sapphire heart rate monitors
for measuring the participants’ physiological parameters was
a potential limitation of this study. However, the evaluated
males were exposed to extreme temperature (90∘C), and
different measuring equipment could not have been used as
effectively in a study conducted on a large and homogenous
sample (45 males) with similar environmental conditions
(day, hour, duration, temperature, and humidity). Future
studies may therefore wish to examine the reliability and
validity of various HR monitors in extreme conditions.
6. Conclusions
Young, overweight, and sedentary men (aged 19-24 years)
who rarely use the sauna lose around 0.65 kg of bodily fluids
on average during four 10-minute sauna sessions (temper-
ature: 90∘C, humidity: 15%) with four 5-minute breaks in
between sessions (total of 60 minutes). The noted values of
physiological parameters (energy expenditure, HRmin,avg,max,
BPSBP,DBP, VO2 avg and max, EPOCavg and peak, and respiratory
rateavg and max) increased significantly after every 10-minute
session and even exceed the recommended norms (HR and
BP during the third and fourth session). In some cases,
elevated BP values could be indicative of preexisting health
conditions that were manifested upon relatively long (40
minutes) exposure to thermal stress. Sauna sessions last-
ing 40 minutes could be excessive and dangerous to the
health of men who are considerably overweight. The above
parameters and BML were highly correlated not only with
anthropometric indicators (in particular body mass, BMI,
BSA, andWHR), but alsowith body composition parameters,
in particular those indicative of high body fat content (BFM,
PBF, and VFM) and high degree of obesity. Physiological
parameters are less correlated with TBW, minerals, proteins,
SMM, and initial values of SBP and DBP. These correlations
significantly contribute to the loss of bodily fluids. The
results of this study complement previous research findings
and expand our knowledge about factors which significantly
affect physiological parameters during sauna bathing. As
such, these findings should be acutely considered by indi-
viduals, practitioners, and clinicians in the adoption of sauna
exposure.
Data Availability
The Excel data used to support the findings of this study
are restricted by the Ethics Committee of the University
of Warmia and Mazury in Olsztyn (UWM), Poland, in
order to protect participants’ privacy. Data are available from
Robert Podstawski, e-mail: podstawskirobert@gmail.com,
for researcherswhomeet the criteria for access to confidential
data.
Conflicts of Interest
All authors declare that there are no conflicts of interest
regarding the paper and its publication.
Acknowledgments
The funding for this research received from the University of
Warmia andMazury in Olsztyn does not lead to any conflicts
of interest.
References
[1] R. Podstawski, A. Honkanen, A. Tuohino, and E. Kolankowska,
“Recreational-Health Use of Saunas by 19-20-Year,” Journal of
Asian Scientific Research, vol. 3, no. 9, pp. 910–923, 2013.
[2] K. Kukkonen-Harjula and K. Kauppinen, “Health effects and
risks of sauna bathing,” International Journal of Circumpolar
Health, vol. 65, no. 3, pp. 195–205, 2006.
[3] T. Laukkanen, S. K. Kunutsor, F. Zaccardi et al., “Acute effects of
sauna bathing on cardiovascular function,” Journal of Human
Hypertension, vol. 32, no. 2, pp. 129–138, 2018.
[4] M. Ghods, C. Corterier, K. Zindel, M. Kiene, K. Rudolf, and M.
Steen, “Hot air sauna burns,” Burns, vol. 34, no. 1, pp. 122–124,
2008.
[5] A. Tyka, T. Pałka, A. K. Tyka, Z. Szyguła, and T. Cison´,
“Repeated Sauna Bathing Effects on Males’ Capacity to Pro-
longed Exercise-Heat Performance,”Medicina Sportiva, vol. 12,
no. 4, pp. 150–154, 2008.
[6] R. Podstawski, D. Choszcz, A. Honkanen, A. Tuohino, and
E. Kolankowska, “Socio-economic factors and psycho-physical
well-being as predictors of sauna use among male university
students,” South African Journal for Research in Sport, Physical
Education and Recreation, vol. 38, no. 3, pp. 163–176, 2016.
[7] P. Sutkowy, A. Woz´niak, T. Boraczyn´ski, C. Mila-Kierzen-
kowska, and M. Boraczyn´ski, “The effect of a single Finnish
BioMed Research International 11
sauna bath after aerobic exercise on the oxidative status in
healthy men,” Scandinavian Journal of Clinical & Laboratory
Investigation, vol. 74, no. 2, pp. 89–94, 2014.
[8] N. Blum and A. Blum, “Beneficial effects of sauna bathing for
heart failure patients,” Experimental & Clinical Cardiology, vol.
12, no. 1, pp. 29–32, 2007.
[9] G. S. M. Scoon, W. G. Hopkins, S. Mayhew, and J. D. Cotter,
“Effect of post-exercise sauna bathing on the endurance per-
formance of competitive male runners,” Journal of Science and
Medicine in Sport, vol. 10, no. 4, pp. 259–262, 2007.
[10] E. Ernst, P. Strziga, C. Schmidlechner, and I. Magyarosy,
“Sauna effects on hemorheology and other variables,” Archives
of Physical Medicine and Rehabilitation, vol. 67, no. 8, pp. 526–
529, 1986.
[11] R. Livingston, “Medical risks and benefits of the sweat lodge,”
The Journal of Alternative and Complementary Medicine, vol. 16,
no. 6, pp. 617–619, 2010.
[12] J. E´. Blatteau,E. Gempp, C. Balestra, T.Mets, and P. Germonpre,
“Predive sauna and venous gas bubbles upon decompression
from 400 kPa,” Aviation, Space, and Environmental Medicine,
vol. 79, no. 12, pp. 1100–1105, 2008.
[13] M. Imamura, S. Biro, T. Kihara et al., “Repeated thermal therapy
improves impaired vascular endothelial function in patients
with coronary risk factors,” Journal of the American College of
Cardiology, vol. 38, no. 4, pp. 1083–1088, 2001.
[14] C. Tei, Y. Horikiri, J.-C. Park et al., “Acute hemodynamic
improvement by thermal vasodilation in congestive heart fail-
ure,” Circulation, vol. 91, no. 10, pp. 2582–2590, 1995.
[15] C. Tei andN.N. Tanaka, “Thermal vasodilatation as a treatment
of cognitive heart failure: A novel approach,” Journal of Cardi-
ology, vol. 27, no. 1, pp. 29-30, 1996.
[16] S. Biro, A. Masuda, T. Kihara, and C. Tei, “Clinical Implications
of Thermal Therapy in Lifestyle-Related Diseases,” Experimen-
tal Biology and Medicine, vol. 228, no. 10, pp. 1245–1249, 2016.
[17] T. Kihara, S. Biro,M. Imamura et al., “Repeated sauna treatment
improves vascular endothelial and cardiac function in patients
with chronic heart failure,” Journal of the American College of
Cardiology, vol. 39, no. 5, pp. 754–759, 2002.
[18] R. Podstawski, T. Boraczyn´ski, M. Boraczyn´ski, D. Choszcz,
S. Man´kowski, and P. Markowski, “Sauna-induced body mass
loss in physically inactive young women and men,” Biomedical
Human Kinetics, vol. 8, no. 1, pp. 1–9, 2016.
[19] R. Podstawski, T. Boraczyn´ski, M. Boraczyn´ski, D. Choszcz,
S. Man´kowski, and P. Markowski, “Sauna-induced body mass
loss in young sedentary women and men,”The Scientific World
Journal, vol. 2014, Article ID 307421, 2014.
[20] P. M. Clarkson, “Exercise-induced muscle pain, soreness, and
cramps,”The Journal of Sports Medicine and Physical Fitness, vol.
34, no. 3, pp. 203–216, 1994.
[21] P. Khamwong, A. Paungmali, U. Pirunsan, and L. Joseph,
“Prophylactic effects of sauna on delayed-onsetmuscle soreness
of the wrist extensors,” Asian Journal of Sports Medicine, vol. 6,
no. 2, Article ID e25549, pp. 1–8, 2015.
[22] I. Heinonen and J. A. Laukkanen, “Effects of heat and cold
on health, with special reference to Finnish sauna bathing,”
American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, vol. 314, no. 5, pp. R629–R638, 2018.
[23] J. A. Laukkanen, T. Laukkanen, and S. K. Kunutsor, “Cardiovas-
cular and other health benefits of sauna bathing: A review of the
evidence,”Mayo Clinic Proceedings, vol. 93, no. 8, pp. 1111–1121,
2018.
[24] R. Lamintausta, E. Syvalahti, and A. Pekkarinen, “Change in
hormones reflecting sympathetic activity in the Finnish sauna,”
Annals of Clinical Research, vol. 8, pp. 266–271, 1976.
[25] J. Leppaluoto, M. Tuominen, A. Vaananen, J. Karpakka, and J.
Vuori, “Some cardiovascular and metabolic effects of repeated
sauna bathing,” Acta Physiologica Scandinavica, vol. 128, no. 1,
pp. 77–81, 1986.
[26] D. Jezova´, R. Kvestnansky´, and M. Vigasˇ, “Sex differences in
endocrine response to hyperthermia in sauna,” Acta Physiolog-
ica Scandinavica, vol. 150, no. 3, pp. 293–298, 1994.
[27] W. Pilch, Z. Szygula, M. Zychowska, M. Gawinek, and Z.
Szyguła, “The influence of sauna training on the hormonal
system of young women,” Journal of Human Kinetics, vol. 9, p.
pp, 2003.
[28] W. Pilch, Z. Szyguła, M. Torii, and A. C. Hackney, “The
Influence of Hyperthermia Exposure in Sauna on Thermal
Adaptation and Select Endocrine Responses inWomen,”Medic-
ina Sportiva, vol. 12, no. 3, pp. 103–108, 2008.
[29] W. Pilch, M. Zychowska, Z. Szygula, and M. Z˙ychowska,
“The influence of sauna overheating on chosen physiological
variables in male swimmers,” Journal of Human Kinetics, vol. 13,
pp. 107–115, 2005.
[30] V. Koljonen, “Hot air sauna burns-review of their etiology and
treatment,” Journal of Burn Care & Research, vol. 30, no. 4, pp.
705–710, 2009.
[31] K. Kauppinen, “Sauna, shower, and ice water immersion.
Physiological responses to brief exposures to heat, cool, and
cold. Part III. Body temperatures,”Arctic Medical Research, vol.
48, no. 2, pp. 75–86, 1989.
[32] W. Pilch, Z. Szyguła, A. Klimek et al., “Changes in the lipid
profile of blood serumin women taking sauna baths of various
duration,” International Journal of Occupational Medicine and
Environmental Health, vol. 23, no. 2, pp. 167–174, 2010.
[33] R. Beever, “The effects of repeated thermal therapy on quality
of life in patients with type II diabetes mellitus,”The Journal of
Alternative andComplementaryMedicine, vol. 16, no. 6, pp. 677–
681, 2010.
[34] T. Nurmikko and A. Hietaharju, “Effect of exposure to sauna
heat on neuropathic and rheumatoid pain,” PAIN, vol. 49, no. 1,
pp. 43–51, 1992.
[35] M. L. Hannuksela and S. Ellahham, “Benefits and risks of sauna
bathing,” American Journal of Medicine, vol. 110, no. 2, pp. 118–
126, 2001.
[36] F. G. J. Oosterveld, J. J. Rasker,M. Floors et al., “Infrared sauna in
patients with rheumatoid arthritis and ankylosing spondylitis,”
Clinical Rheumatology, vol. 28, no. 1, pp. 29–34, 2009.
[37] T. Laukkanen, H. Khan, F. Zaccardi, and J. A. Laukkanen,
“Association between sauna bathing and fatal cardiovascular
and all-cause mortality events,” JAMA Internal Medicine, vol.
175, no. 4, pp. 542–548, 2015.
[38] R. Reilly R, Sports from hell: by Rick Reilly book expert-
ESPN. 3:35 PM, Retrieved 22 November 2018, from: spotrs-
espn.go.com/espn/news/story?id=5198604.
[39] S. M. Shirreffs, M. N. Sawka, and M. Stone, “Water and
electrolyte needs for football training and match-play,” Journal
of Sports Sciences, vol. 24, no. 7, pp. 699–707, 2006.
[40] R. J. Maughan, “Impact of mild dehydration on wellness and on
exercise performance,” European Journal of Clinical Nutrition,
vol. 57, supplement 2, pp. S19–S23, 2003.
[41] M. N. Sawka and K. B. Pandolf, “Effects of body water loss
on physiological function and exercise performance,” in Per-
spectives in Exercise Science and Sports Medicine (Vol. 3), Fluid
12 BioMed Research International
Homeostasis during Exercise, CV., Gisolfi., DR., and Lamb., Eds.,
vol. 3, p. 38, Benchmark Press, Carmel, Indiana, 1990.
[42] A. Carlton and R. M. Orr, “The effects of fluid loss on physical
performance: A critical review,” Journal of Sport and Health
Science, vol. 4, no. 4, pp. 357–363, 2015.
[43] S. I. Barr, “Effects of dehydration on exercise performance,”
Canadian Journal of Applied Physiology, vol. 24, no. 2, pp. 164–
172, 1999.
[44] E. Biernat, R. Stupnicki, and K. Gajewski, “International phys-
ical activity questionnaire (IPAQ) – Polish version,” Physical
Education and Sport, vol. 51, no. 1, pp. 47–54, 2007.
[45] R. Maddison, C. Ni Mhurchu, Y. Jiang et al., “International
Physical Activity Questionnaire (IPAQ) and New Zealand
Physical Activity Questionnaire (NZPAQ): A doubly labelled
water validation,” International Journal of Behavioral Nutrition
and Physical Activity, vol. 4, no. 1, p. 62, 2007.
[46] P. Valdez, C. Ramı´rez, A. Garcı´a, J. Talamantes, and J. Cortez,
“Circadian and homeostatic variation in sustained attention,”
Chronobiology International, vol. 27, no. 2, pp. 393–416, 2010.
[47] A. L. Gibson, J. C. Holmes, R. L. Desautels, L. B. Edmonds, and
L. Nuudi, “Ability of new octapolar bioimpedance spectroscopy
analyzers to predict 4-component–model percentage body fat
in Hispanic, black, and white adults,” American Journal of
Clinical Nutrition, vol. 87, no. 2, pp. 332–338, 2008.
[48] G. Cafri and J. K. Thompson, “Measuring male body image:
A review of the current methodology,” Psychology of Men &
Masculinity, vol. 5, no. 1, pp. 18–29, 2004.
[49] K. Kauppinen and I. Vuori, “Man in the sauna,” Annals of
Clinical Research, vol. 18, pp. 173–185, 1986.
[50] J. Hasan, M. J. Karvonen, and P. Piironen, “Physiological effects
of extreme heat as studied in the Finish sauna bath. Special
Review. Part II,” American Journal of Physical Medicine &
Rehabilitation, vol. 46, no. 2, pp. 1226–1246, 1967.
[51] E. Sohar, “Effects of exposure to Finnish sauna,” Israel journal of
medical sciences, vol. 12, p. 1275, 1976.
[52] O. J. Luuira, “Arrythmias and other cardiovascular responses
during Finnish sauna and exercise testing in healthy men and
postmyocardial infraction patients,” Acta medica Scandinavica,
vol. 64, p. 60, 1980.
[53] J. Leppa¨luoto, O. Arjamaa, O. Vuolteenaho, and H. Ruskoaho,
“Passive heat exposure leads to delayed increase in plasma
levels of atrial natriuretic peptide in humans,” Journal of Applied
Physiology, vol. 71, no. 2, pp. 716–720, 1991.
[54] A. Sawicka, T. Brzostek, and R. Kowalski, “Effects of sauna on
the cardiovascular system,”Medical Rehabilitation, vol. 11, no. 1,
pp. 15–22, 2007.
[55] M. Chorazy, K. Kwasny, and M. Chorąz˙y, “The influence of
sauna on pulse and blood pressure in groups of people with
different attitude towards sport,” Zeszyty Metodyczno-Naukowe
AWF Katowice, vol. 19, pp. 249–258, 2005.
[56] W. Pilch, Z. Szyguła, T. Palka et al., “Comparison of physiologi-
cal reactions and physiological strain in healthymen under heat
stress in dry and steam heat saunas,” Biology of Sport, vol. 31, no.
2, pp. 145–149, 2014.
[57] J. Saikhun, Y. Kitiyanant, V. Vanadurongwan, and K. Pava-
suthipaisit, “Effects of sauna on sperm movement character-
istics of normal men measured by computer-assisted sperm
analysis,” International Journal of Andrology, vol. 21, no. 6, pp.
358–363, 1998.
[58] E. M. Frese, A. Fick, and S. H. Sadowsky, “Blood Pressure Mea-
surementGuidelines for PhysicalTherapists,”Cardiopulmonary
Physical Therapy Journal, vol. 22, no. 2, pp. 5–12, 2011.
[59] G. Pichler, F. Martinez, A. Vicente et al., “Influence of obesity in
central blood pressure,” Journal of Hypertension, vol. 33, no. 2,
pp. 308–313, 2015.
[60] I. L. Mertens and L. F. van Gaal, “Overweight, Obesity, and
Blood Pressure: The Effects of Modest Weight Reduction,”
Obesity Research, vol. 8, no. 3, pp. 270–278, 2000.
[61] H. J. Winterfeld, J. Siewert, D. Strangfeld et al., “Effects of
sauna therapy on patients with coronary heart disease with
hypertention after bypass operation, after heart aneurysm
operation and essential hypertonia,” Z Gesamte Inn Med, vol.
48, pp. 247–250, 1993.
[62] I. Vuori, “Sauna bathers circulation,”Annals of Clinical Research,
vol. 20, pp. 249–256, 1988.
[63] I. Vuori, “Thehart and the cold,”Annals of Clinical Research, vol.
19, pp. 156–162, 1987.
[64] Y. Imai, S. Nobuoka, J. Nagashima et al., “Acute myocardial
infarction induced by alternating exposure to heat in a sauna
and rapid cooling in cold water,” Cardiology, vol. 90, no. 4, pp.
299–301, 1998.
[65] E. A. Hines Jr., “The significance of vascular hyperreaction as
measured by the cold-pressor test,”AmericanHeart Journal, vol.
19, no. 4, pp. 408–416, 1940.
[66] K. Kauppinen, “Sauna, shower, and ice water immersion.
Physiological responses to brief exposures to heat, cool, and
cold. Part II. Circulation.,” Arctic Medical Research, vol. 48, no.
2, pp. 64–74, 1989.
[67] M. L. Keast and K. B. Adamo, “The Finnish sauna bath and
its use in patients with cardiovascular disease,” Journal of
Cardiopulmonary Rehabilitation and Prevention, vol. 20, no. 4,
pp. 225–230, 2000.
[68] K. J. Kosunen, A. J. Pakarinen, K. Kuoppasalmi, and H. Adler-
creutz, “Plasma renin activity, angiotensin II, and aldosterone
during intense heat stress,” Journal of Applied Physiology, vol.
41, no. 3, pp. 323–327, 1976.
[69] A. Eisalo and O. J. Luurila, “The Finnish sauna and cardiovas-
cular diseases,” Annals of Clinical Research, vol. 20, no. 4, pp.
267–270, 1988.
[70] A. Paolone, W. Lanigan, R. Lewis, and M. Goldstein, “Effects of
post exercise sauna bath on ECG pattern and other physiologi-
cal variables,”Aviation, Space, and Environmental Medicine, vol.
51, pp. 224–229, 1980.
[71] A. Rismann, J. Al-Karawi, and G. Jorch, “Infant’s physiological
response to short heat stress during sauna bath,” Klinische
Pa¨diatrie, vol. 214, no. 3, pp. 132–135.
[72] H. Miyamoto, H. Kai, H. Nakaura et al., “Safety and efficacy of
repeated sauna bathing in patients with chronic systolic heart
failure: a preliminary report,” Journal of Cardiac Failure, vol. 11,
no. 6, pp. 432–436, 2005.
[73] D. Kiss, W. Popp, C. Wagner, H. Zwick, and K. Sertl, “Effects
of the sauna on diffusing capacity, pulmonary function and
cardiac output in healthy subjects,” Respiration, vol. 61, no. 2,
pp. 86–88, 1994.
[74] N. Giannetti, M. Juneau, A. Arsenault et al., “Sauna-induced
myocardial ischemia in patients with coronary artery disease,”
American Journal of Medicine, vol. 107, no. 3, pp. 228–233, 1999.
[75] K. Kauppinen, “Sauna, shower, and ice water immersion.
Physiological responses to brief exposures to heat, cool, and
cold. Part I. Body fluid balance.,” Arctic Medical Research, vol.
48, no. 2, pp. 55–63, 1989.
[76] S. J. Montain and E. F. Coyle, “Influence of graded dehydration
on hyperthermia and cardiovascular drift during exercise,”
Journal of Applied Physiology, vol. 73, no. 4, pp. 1340–1350, 1992.
BioMed Research International 13
[77] M. N. Sawka, A. J. Young, P. Francesconi, S. R. Muza, and
K. B. Pandolf, “Thermoregulatory and blood responses during
exercise at graded hypohydration levels,” Journal of Applied
Physiology, vol. 59, no. 5, pp. 1394–1401, 1985.
[78] S. Kozlowski and B. Saltin, “Effect of sweat loss on body fluids,”
Journal of Applied Physiology, vol. 19, no. 6, pp. 1119–1124, 1964.
[79] C. Hawkins, “The sauna: killer or healer?” British Medical
Journal, vol. 295, no. 6605, pp. 1015-1016, 1987.
[80] M. G. Coles, A. Herna´ndez, and T. R. Anderson, “Effect of
thermal-induced dehydration on VO2 recovery time and heart
rate response,” Journal of Exercise Science and Fitness, vol. 4, no.
1, pp. 36–41, 2006.
[81] M. S. Westerterp-Plantenga, C. R. T. Verwegen, M. J. W.
Ijedema, N. E. G.Wijckmans, andW.H. M. Saris, “Acute effects
of exercise or sauna on appetite in obese and nonobese men,”
Physiology & Behavior, vol. 62, no. 6, pp. 1345–1354, 1997.
[82] B. J. Thomas, B. H. Cornish, L. C. Ward, and A. Jacobs,
“Bioimpedance: is it a predictor of true water volume?” Annals
of the New York Academy of Sciences, vol. 873, no. 3, pp. 89–93,
1999.
Hindawi
www.hindawi.com
 International Journal of
Volume 2018
Zoology
Hindawi
www.hindawi.com Volume 2018
 Anatomy 
Research International
Peptides
International Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Journal of 
Parasitology Research
Genomics
International Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013www.hindawi.com
The Scientific 
World Journal
8
Hindawi
www.hindawi.com Volume 2018
Bioinformatics
Advances in
Marine Biology
Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Neuroscience 
Journal
Hindawi
www.hindawi.com Volume 2018
BioMed 
Research International
Cell Biology
International Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Biochemistry 
Research International
Archaea
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Genetics 
Research International
Hindawi
www.hindawi.com Volume 2018
Advances in
Virolog y Stem Cells International
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Enzyme 
Research
Hindawi
www.hindawi.com Volume 2018
International Journal of
Microbiology
Hindawi
www.hindawi.com
Nucleic Acids
Journal of
Volume 2018
Submit your manuscripts at
www.hindawi.com
